Experimental evidence is herein given of lower critical solution temperatures in high salt aqueous solutions of cetylpyridinium and cetyltrimethylammonium bromide, nitrate and chlorate. The critical behaviour of the solutions is followed using static and dynamic light scattering. The unique feature of this transition lies in the unusually large values of the correlation length 03BE (&#x3E; 103 A) more than 10 °C below the critical temperature. The occurrence of the phase separation seems to be connected with the existence of giant rod-like flexible micelles in the solutions. The analogies with critical solutions of polymers are underlined.
Introduction.
The importance of critical behaviours in mixtures involving surfactants has become more and more apparent over the last few years. Critical points have been found in the complex phase diagrams of microemulsions (involving four or even five chemical components) [1] [2] [3] and also in much simpler (binary) systems such as aqueous solutions of non ionic surfactants [4] . The transition is often discussed in terms of a liquid-gas transition in a dispersion of more or less spherical droplets or micelles. However, little is known about the microscopic structure of these systems around the critical point
In a previous study we showed that the addition of a moderate amount of certain salts (few 10-1 M) such as NaBr, NaN03 or NaCI03 to dilute solutions (few 0/00 in weight) of classical surfactants such as cetylpyridinium bromide CPBr or cetyltrimethylammonium bromide CTABr led to the formation of giant undimensional flexible micelles [5] . In the present paper we show that with very high concentrations of the same salts (4-5 M typically) a separation into two isotropic micellar phases of distinct composition occurs when the temperature is raised. The salt concentration in both phases was found to be the same so that they differ only with respect to the surfactant concentration. Therefore, at a given salt concentration, the minimum point P(Cc, TJ of the coexistence curve (such as in Fig. 2 figure 2 this diagram was made using CPCI03 as the surfactant The coexistence curves (Figs. 1 and 2) have been established using a water thermostat the temperature of which was regulated and measured to within 0.1 ~C. The viscosities are measured using a classical U bbelohde viscometer. The static and dynamic light scattering measurements' are performed using the standard apparatus described elsewhere [5] . The temperature of the scattering cell was regulated and measured to a precision of 0.1 ~C. However the housing of the thermostated scattering cell does not allow for a direct observation of the solution and T cis determined to within 0.3 ~C.
In figure 1 are drawn the variations of the temperature TD of the phase separation as a function of the salinity of the solvent for solutions with 5 mg/cm3 CPBr or CTABr. Clearly, high salt concentrations (Cs) are required (of the order of 3.4 M at least) for both NaN03 and NaCI03 and for both surfactants. We verified that the separation of phases could also be obtained with NaBr as the added salt (CPBr 5 mg/cm', NaBr 5.5. M) but TD is very high (&#x3E; 90 OC) and we did not try to determine the curve TD(CS) in this case. We also found that demixing was not observed with added salts (such as NaCI, NaBr03' NaI03) which were formerly [6] In figure 3 the scaled linewidths r *(q~) are plotted against q~ in order to be compared to the universal law predicted by the mode-mode coupling theory [8] . Actually the distribution of the Table Í. -?~he dependence of the viscosity r~, the relative viscosity q, = ~l~ ils,,Iven, and ~ the correlation length upon (T ~ -T). experimental data roughly parallels the theoretical curve. The systematic excess discrepancy far from 7~ probably indicates the existence of a non critical « background » contribution to the dynamics of the concentration fluctuations [9] . Such « background » contributions are well known to occur in the case of the liquid-gas transition in a simple fluid. It is known to vanish almost completely in the case of critical phase separation in classical binary mixtures of non macromolecular components. But it becomes noticeable again when one compound of the binary mixture is a long size flexible polymer [10] . In the critical region the correlation length is expected to scale according to the law : where c = I T -Tc 1/ 7~. As mentioned before the accuracy of the determination of the temperature at which the phase separation occurs in the scattering cell is poor. However, since the critical range is extremely large (AT ~ 20 °C) crude estimations were made of the values of v and ~o as shown in figure 4, giving figure 2 has a strongly asymmetrical shape. These features have been discussed at length by Kjeclander [11] when dealing with similar cloud points in non ionic surfactants aqueous solutions. He showed that such a low value for Cc is inconsistent with the idea of a liquid-gas critical transition in a population of globular objects : the important point is that, at Cc, the range of the interactions between the micellar objects must be of the same order of magnitude or larger than the mean intermicellar distance. Calculations [ 11 ] based on several short range interaction profiles between spherical objects inva- On the other hand Anacker and Ghose [ 13] have shown that moderate addition of increasing amounts of NaBr, NaN03 or NaCI03 in the initially pure surfactant-water system promotes the rapid growth of the micelles. We have shown [5] further that these giant micelles are flexible cylinders. The diameter of the cross section of these cylindrical micelles is about 60 A and they are very flexible (persistence length of the order of 200 A). The elongation process is a reversible phenomenon (reversible polymerization) and the equilibrium size distribution of the micelles depends on the temperature, the salt concentration and the surfactant concentration.
Because of the micellar interactions, it is difficult to determine the shape and structure of the micelles at very high salt concentrations around the critical conditions. However, according to the two preceding paragraphs, it is tempting to keep on with the same description for the micellar shape : the micelles are very much like Gaussian coils. And the present phases separation would then be very similar to the phase separation observed in the case of polymers in a poor solvent Such a description would provide a natural explanation for the strong asymmetry of the coexistence curve. Another advantage of it is that it may also account for the unusually large values of around the critical point (~ is larger than the radius of gyration of individual coils when T &#x3E; 0 see reference 14 p. 212-213).
A puzzling point is however the unexpected behaviour of the viscosity in table I : while the viscosity relative to the solvent ("r) is expected to diverge weakly at T~, we instead measure monotonically decreasing values of ~ This is possibly related to the fact that (in contrast to normal polymers) the mean size of the giant micelles decrease when T increases [5] : the contribution of the mean micellar size variations to the variations of j7 is perhaps large enough to hide the expected divergence.
